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Human serum albumin expression and use in gene therapy

{57) The present invention relates to DNA vectors as a means of gene therapy for the use in treatment of
human and animal disease states that are characterised by failure or Inadequate functioning of the liver. This
results in the lowering of the blood levels of certain important proteins produced by the liver leading to
hypoalbuminaemla, anaemia, thrombocytopenia and coagulation disorders related to liver failure. The

invention also relates to an expression cassette for expressing a human serum albumin into a mammalian cell
comprising:

(i} a cDNA sequence of the human serum albumin,

{ii) a transcriptional control sequence operably linked to said cDNA sequence.

V C9€049€E ¢ 99



Sandl (747

Rsrll (7457)

SgrAl (7175)

Smal (7150)
PshAI (6971)

E)cokl (8D}

BspEl (6548)

Sgfl (1182)
Pvul (1183)

ori colE1

Ascl (1190)

HSV1 Tk::Sh ble spa+pc2

BsrGI (1540)

myosin enhancer Fspl (1766)

pGT123 vull (1807)

(7484 bp)

BbrPI (5527) spl (1882)

Pvull (5168)
Bsu36] (4968)

CMV prom

h Albumin

Tth111I (4634)

BstEII (3160)
Pvull (3396)




% changes in serum’

albumin tevel

Patients treated with CMV-albumin plasmid

45 o
40
35 I\
30 VAN
/ N—
20 7 S—]
2 .
18 N =
0 77"
e S NG
S5 =—0—=3 3 T2—16—20

weeks posi-first injection

base line

Patients traeted with myosin-atbuminplasmid

8 &

-
[

% changes In ssrum albumin level
3
[~~~

AN

f [ ) 2
weeaks post-first infection

+— base line




~~ £8°d W10L

€.

amy| Iseq

dnoib jonuos i}

~dnouB jueuneen

syjuow

01

St

114

BN 14

19A9] ujwing)e Ul sabueys ¢, uesw



B>

(O1m) oLy

¢ 9sen

|]oA®] unwng|y



-

l 2350362

A METHOD FOR PROMOTING EXTRA-HEPATIC PRODUCTION OF PROTEINS FOR THE

CORRECTION OF HYPOALBUMINAEMIA, ANAEMIA, THROMBOCYTOPENIA AND/OR .

COAGULATION DISORDERS RELATED TO LIVER FAILURE.

The present invention relates generally to the fields of human treatment of complications and
side-effects disorders associated with a failure of the liver to produce proteins and albumin in
particular, and more specially to expiession cassettes and related recombinant DNA compounds

useful in correction of low serum albumin (bypoalbuminaemia) by gene therapy.

Human serum albumin (HSA) is a naturally-occurring, globular, nonglycosylated polypeptide
Mw 65,000) comprising nearly 600 amino acid residués (see e.g. Lawn et al,, 1981, Nucleic Acid
Research, 9, 61 03-61 13) synthesized in the liver of higher species. This protein plays important roles
in the organism as it the maintenance of osmotic pressure; is involved in the binding and transport of a
wide variety of substances such as fatty acids, ions (copper, nickel, calcium), bile, bilirubin,
protoporphyrin, prostaglandins, steroid hormones, thyroxine, cystine, glutathione, various drugs and
water soluble vitarnins andl the like; and additionally provides a direct source of amino acids to tissues.

In healthy conditions HSA is the most abundant protein found in the plasma of adult humans where its
concentration is about 40mg/ml. However, this level can dramatically decline in the context of many
diseases, especially those affecting the liver, such as for cxample hepatitis, cirrhosis, primary and
secondary liver cancers, or infectious and inflammatory conditions, chemotherapy and radiotherapy
treatments, malabsorption and nephrotic syndromes (for a medical revue, see Doweiko et al, 1991, J.
Parenteral and Enteral Nutrition, 15, 476-483) which are generally associated with a reduced synthesis
of albumin or an excessive metabolization of said protein leading to plasma low concentrations and to
complications or side effects such as hypovolemia, hypoproteinemia, ascites formaﬁon,' oedema, etc...
Moreover, Goldwasser and Feldman (1997, J. Clin. Epidemiol, 50, 693-703) have reported an
association between hypoalbuminaemia and mortality risk. These auﬂior§ have parﬁcﬁiar]y shown an
increase in the odds of death ranges from 24% to 56% for each 2.5mg/ml decrement in serum albumin
concentration. HSA concentrations below 35 mg/ml indicates a pathological status. The method
described in the invention is a platform technolog;wit}\ applications for the treatment and correction
of various human and animal disease states. Hypoalbuminaemia s not a single disease, but can occur
as a consequence of many diseases. Therefore the invention is not restricted in its use to the treatment
of a single condition. Hypoalbuminaemia can occur if the liver has an underlying disease state and is
failing to produce adequate amounts of albumin. This occurs in diseases such as hepatitis, cirrhosis

and liver canger (both Pmﬂ;}(y and spcongary cancers). Hy‘poa]buminagm'q alsq QEEYYs 3s the result of
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any disease state that affects the body's metabolism, such as advanced cancer, the treatient of cancer
with chemotherapy or radiotherapy, catabolic states such as severe infections or inflammation,
malabsorption or the pephrotic syndrome and recovery from major surgery. All of these conditions,
and many others, can result in a reduced level of albumin in the blood and would be suitable for
treatment using the method described in this invention. In addition, the invention could be used to
provide a source of other proteins, in addition to albumin, produced at sites other than the
physiological source of the proteins in the body. In this invention the prime extra site of production is
the skeletal muscle, but other sites could be included. The other proteins that could be used in this
invention include, but afe not restricted to, erythropoietin for the correction of anaemia,
thrombopoietin for the correction of of thrombocytopaenia, protein C and protein F for patients
requiring anticoagulation, and leptin for the treatment of obesity. In addition, the invention can be used
to produce hormones and growth factors used by the human body at sites other than the physiological
source of such hormones and growth factors. These would include but not restricted to insulin for the
wreatment of diabetes, endothelial nitric oxide synthetase (ENOS) for the prevention of thrombosis
afler coronary artery Surgery or coronary balloon dilatation or myocardial ischaemia, Granulocyte
Colony Stimulating Factor (GCSF), Macrophage Colony Stimulating Factor (MCSF) or Granulocyte
Macrophage Colony Stmulating Factor (GMCSF), and/or interferon for the treatment of hepatitis or

cancer.

Careful treatment of hypoalbuminaemia is a key to improving quality of life and to reducing
mortality risk of affected patients. The standard treatment of hypoalbuminaemia is the administration
of albumin employed as a therapeutic drug.

First, commercial HSA bas been prepared from human plasma as a by product from the
fractionation of donated blood. However, availability of human plasma is limited and careful heat
weatment of the product prepared from human plasma should be effected to avoid potential
contamination of the HSA product by hepatitis ~ and HIV viruses. Moreover, said isolation of HSA

from natural sources is technically difficult, expensive and time consuming.

Against this background related to consideration of ethics, safety and stability of supply, further
efforts bave centered on the development of efficient recombinant methods for the production of
recombinant HSA in bacterial cells or yeast which could be used as a substitute for natural HSA (Hone
et al., 1998, Gen. Pharmac,, 31, 811-815).

Although effectiveness of the exogenous albumin supply to the patient has been supported,
indicating that serum level can be transiently restored, said treatment still means that repeated

administration of albumin is required every 48 hours throughout the lifetime of the patient.
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Accordingly,the pror art is deficient in providing a satisfactory treatment method providing an
acceptable level of serum albumin and being compatible with quality of life of the patients. The
present invention fulfills this longstanding need and desire in the art.

Since the discovery that skeletal muscle can be transfected in vivo by transmuscular injection of
plasmid DNA, this organ system has attracted considerable attention as a potential source of secreted
therapeutic proteins. However, the efficiency of this method of transfection is still low, even with
the induction of muscle degeneration and regeneration through injection of myotoxic substances prior
the injection of DNA. Accordingly, most studies so far have shown that expression is not high enough
to increase the blood levels of circulating proteins, especially in case where this level should be high
enough for permitting an improvement of the health.

It was now surprisingly found that the transfection of a polynucleotide comprising the cDNA
sequence of human serum albumin into vertebrate tissue leads to a dramatic expression of HSA which
provides an efficient tool for comecting hypoalbuminaemia and associated disorders. In particular, it
was surprisingly found that injection into muscular tissue of said polynucleotide leads to a
significant augmentation of serum albumin levels for up to three months and to reduced complications
or side effects in treated patients. Thus, the present invention first relates to an expression cassette,
reliable recombinant DNA compound and their use for the preparation of a pharmaceutical
composition which provide a steady constitutive level of expression allowing an effective amount of
protein to be produced and a restoring in the treated patients albumin levels leading to improved
clinical status. Generally, the present invention provides a gene therapy approach aiming to increase
the serum albumin level at least to the lower value of the normal range.

Therefore, the technical problem underlying the present invention is the provision of improved
methods and means for the comrection of hypoalbumineamia by gene therapy. This technical problem
is solved by the provision of the embodiments as defined in the claims.

The present invention concerns an expression cassette for expressing a human serum albumin
into a mammalian cell comprising:

6)] a cDNA sequence of the human serum albumin,

(i) a transcriptional control sequence operably linked to said cDNA sequence.
According to a preferred embodiment, said expression cassette comprises a cDNA sequence of
the human serum albumin having the nucleotide sequence set forth in SEQ ID NQ:i



Said expression cassette can also be constructed by using a cDNA sequence of the human serum

albumin of about 2.0kb in length obtained by enzymatic digestion by Kpnl and Sall of the plasmid
PILMALBS baving the deposit accession number HSRRB HG226.

It should be also noticed here that the cDNA production from mRNA is well described in
the literature and that two cDNA sequences could be obtained from a unique mRNA depending
on the oligonucleotide sequences used in order 10 initiate the reverse transcription of said mRNA.
Said cDNA sequences differ only at their respective 5'end and/or 3'end where sequence variations
can occur. Nevertheless, each of said ¢cDNA sequences will comprise the comrect sequence

corresponding to said mRNA and accordingly can be used in the context of the present invention.

"operably linked” means that the cDNA and the transcriptional control sequences are in a
relatioship permitting them to function in their intended manner. Thus, for example, a promoter
operably linked to a cDNA sequence is ligated in such a way that expression of the human serum
albumin is achieved under conditions which are compatible with the transcriptional activaty of the
promoter. These conditions are widely used in the technical field of the invention.

"Expression of a gene, and therefore of the corresponding polypeptide”, means that the
encoding DNA sequence is first transcribed in mRNA, which itself is further translated in the
corresponding polypeptide seouence.

*Human serum albumin or HAS" according to the present invention preferably designates a
polypeptide sequence as set forth in SEQ ID N:2 (Lawn) - However, comparison analysis of published
HSA sequences (Lawn et al, 1981, Nucleic Acid Res., 9, 6103-6114 and Dugaiczyk et al., 1982,
PNAS, 79, 71-75 for example) shows that minor amino acid variations are acceptable in the HSA
polypeptide sequence which do not affect the HSA properties. Accordingly, and with régard to the
degenerescence of the genetic code, the skilled man can easily adapt the cDNA sequence of the
present invention with respect to these minor changes. These specific embodiments are encompassed
by the invenﬁon. '

"Transcriptional control sequence” designates the pucleic acid sequences which control the
initiation of the transcription, the selection of the start position, which regulate the transcription level
(eahancement or inhibition), which determine the type of polymerase directing the polymerisation of
the transcribed mRNA, which control the transcription rate, the termination of said transcription, and
the site of said termination. These sequences are widely analyzed, used and reported in the literature
and can be readily obtained or adapted by those skilled in the art.

In a specific embodiment, the transcriptional control sequence according to the invention
comprises a promoter element which is selected from the group consisting of viral promoters.

Examples of such viral promoters are the SV40 early and late promoters, the adenovirus major late

i &
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promoter, the Rous Sarcoma Virus (RSV) promoter, the Cylomega]ovirus (CMV) immediate-
early promoter, the herpes simplex virus (HSV) promoter, MPSV promoter, 7.5k promoter, vaccinia
promoter and the Major-intermediate-early (MIE)promoter. The Cytomegalovirus (CMV) immediate-

early promoter is however preferred.

The promoter nucleic acid sequence can be a naturally occurring promoter isolated from
biological nucleic acid material or chemically synthesised. The promoter sequence can also be
artificially constructed by assembling elements previously screened for transcriptional_ activity leading
to potencies which can exceed those of naturally occuring ones (Li et al., 1999, Nature Biotech., 17,
241-245)

According to the present invention, "nucleic acid sequence” means a fragment or a portion of a
nucleic acid, without size limitation, which may be either linear or circular, natural or synthetic,
modified or not (see US 5525711, US 4711955 US 5792608 or EP 302175 for modification
examples) . Depending on the considered sequence, it may be, inter alia, a genomic DNA, a cDNA or
a synthesised DNA. More elaborated "nucleic acid sequences". such as "recombinant DNA
compound” may be in the form of linear nucleic acid construct, and preferably in the form of plasmid.
According to the invention, said "recombinant DNA compound” should preferably be understood as a
naked nucleic acid construct or " plasmid vector” (Wolff et al,, Science 247 (1990), 1465-1468), or as
nucleic acid construct formulated with at least one compound such as polypeptides, preferably viral
polypeptides (for a review, see Robbins et al., 1998, Tibtech, 16, 35-40) (said "recombinant DNA
compound” is herein termed " viral vector”) , or cationic lipids or cationic polymers which can
participate in the uptake or stabilization of the nucleic acid construct into the cells (see Ledley, Human
Gene Therapy 6 (1995) , 1129-1144 or Rolland, 1998, Therapeutic Drug Carrier Systems, 15, 143-198
for a review) (said "recombinant DNA compound” is termed " synthetic vector”) . Accordin9 to the

invention, the nucleic acid sequence can be homologous or heterologous to the host expressing cells.

The expression cassette can be constructed using routine cloning techniques known to persons

skilled in the art (for example, see Sambrook et al., 1989, Molecular Cloning-a laboratory manual :
Cold Spring Harbor Press).

In still another aspect of the invention, the transcriptional control sequence further comprises at
least one enhancer element. The definition of enhancers refers to regulatory elements which activate
transcription in a position and orientation independent way. Several enhancer elements have been
identified 1o date in many genes. Preferably,‘ the present enbancer element is a myosin light chain
enhancer. More preferably, the enhancer used in the expression cassette of the present invention is of

vertebrate origin, more preferably of mammalian origin. The rat myosin light chain 1/3 enhancer

1 ®
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(Donoghue et al., 1988, Gene & Dev., 2, 1779-1790) is especially preferred. The enhancer element is
operably linked to the promoter, may be localized either upstream or downstream of said promoter and
may be used in either orientation. In a specific construction of the present invention, said enhancer
sequence is located upstream of said cCDNA sequence of the human serum albumin. According to a

preferred embodiment, said transcriptional control sequence comprises at the most three enhancer

sequences, the sequence of which is identical or selected independently of one another.

The present invention is more specifically directed to an expression cassette comprising the
sequence set forth in SEQ ID NQ:5 which codes for said myosin light chain 1/3 enhancer, saad CMV

promoter and said cDNA sequence of the human serum albumin.

In general, the transcriptional control sequence farther comprises at least one sequence
responsible for the polyadenylation of the transcribed RNA molecules. Said sequence may be selected
in the group consisting of bGH (bovine growth hormone) polyadenylation signal (EP 173552), 5V40
polyadenylaton signal,. globine polyadenylation signal.

The invention also concerns an expression cassette further comprising a polynucleotide
sequence encoding at least one polypeptide of interest which is distinct from human serum
albumin, said polypeptide of interest being co-expressed with human serum albumin in said
mammalian cell. It further concerns an expression cassette wherein said polynucleotide sequence is
localized downstream of said cDNA sequence, is operably linked to the same transcriptional control
sequence thereof and said cDNA and polynucleotide sequences being linked by an additional sequence
comprising at least one ribosome binding site that facilitates translation of the encoded messenger.
According to a preferred embodiment, said polypeptide of interest is a selectable marker such as an
antibiotic resistance polypeptide or an hybrid polypeptide thereof. In a preferred embodiment, said
antibiotic is bleomicin or the polynucleotide sequence encoding said hybrid is an hybrid gene
bleomicin:thymidine kinase. The thymidine kinase gene encodes a product which is able in
conjunction with a pro-drug such as gancyclovir (GCV) to kill cells expressing said gene product.

From yet another perspective, the invention includes a recorbinant DNA compound comprising
at least one of the expression cassette above described. Said recombinant DNA compound can further
include at least one nucleotide sequence containing or expressing targeting sequences, transport
sequences, sequences involved in replication or integration, or sequence encoding 3 selectable marker,
for exarnple for antibiotic resistance (ampicilin, phleomycin, chloramphenicol), useful for selecting a
cell in which said compound has been introduced. Example of such sequences have been reported in
the literature and can be readily obtained by those skilled in the art. The recombinant DNA compound
can also be modified in order to be stabilized with specific components such as spermine.
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As previously stated, the recombinant DNA compound of the invention may be a vector selected

from the group consisting of plasmid vector, viral vector or synthetic vector.

The invention further concemns a host cell transformed with a said recombinant DNA compound.
Said host cell is preferably a mammalian cell, and more preferably a human muscular cell. This cell
can originate from various tissues including those of muscle, skin, nose, lung, liver, spleen, bone
marrow, thymus, heart, lymph, bone, cartilage, pancreas, kidney, gall bladder, stornach, intestine,
testis, ovary, uterus, rectum, nervous system, eye, gland, connective tissue, blood, tumor etc.

According to the invention, "transformed” means. either transfection or infection, and more

broadly designate any transferring step resulting in introduction of said recombinant DNA compound

in said host cell. Said transferring step can be implemented by any of a wide variety of ways, including
method selected from the group consisting of adenoviral infection, transfection with nucleic acid
coated particles such as lipoplexes (catibnic lipid /nucleic acid complexes) or polyplexes (cationic
polymer Inucleic acid complexes) or the like, calcium phosphate transfection of plasmid, transfection
with naked nucleic acid, electroporation method or any combination thereof. However, the particular

method for introducing the foreign nucleic acid sequence is not crucial to the invention.

Moreover according to a specific embodiment, said transformed host' cell is a human muscle
and is further encapsulated. Cell encapsulation methodology has been previously described which
allows transplantation of encapsulated cells in treatment of Parkinson's disease (Tresco et al., 1992,
ASAIO J., 38, 17-23) or Amyotrophic lateral sclerosis (Aebischer et al.,, 1996, Hum. Gene Ther. . 7,
851-860). According to said specific embodiment, transformed cells are encapsulated by compounds
which form a microporous membrane, and said encapsulated cells can further be implanted in vivo.
Capsules, for example approximately 1 cm in length containing the cells of interest may be prepared
employing a hollow microporous membrane fabricated from poly-ether-sulfone (PES) (Akzo Nobel
Faser AG, Wuppertal, Germany; Deglon et al, 1996, Hum. Gene Ther., 7, 2135-2146). This membrane
has a molecular weight cutoff greater than 1,000,000Da, which permits the free passage of proteins
and nutrients between the capsule interior and exterior, while preventing the contact of transplanted
cells with host cells. The entrapped cells may be implanted by intradermal, subdermal, intravenous,
intramuscular, intranasal, intracerebral, intratracheal, intraarterial, Intraperitoneal, intravesical,
intrapleural, intracoronary or intratumoral ways. In case where said transformed host cell is a

myoblast, it can migrate fiom the site of injection to muscles where expression of human serum
albumin can occur.

The present invention concems the specific use of a cDNA sequence of the humnan serum
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albumin, of an éxpression cassette, of a recommbinant DNA compound or of a transformed host cell as
previously disclosed for, the preparation of therapeutic composition intended for gene transfer,
especially for the treatment of the human or animal body. Administration into vertebrate target
tissues, and more specifically into the muscle, can be performed by different delivery routes (systemic
delivery and tarpeted delivery) . According to the present invention, the prepared therapeutic
composition is preferably administered into muscle, however prepared therapeutic composition
administration can also occur in other tissues of the vertebrate body including those of muscle, skin,
brain, lung, liver, spleen, bone marrow, thymus, heart, lymph, bone, cartilage, pancreas, kidney, gall
bladder, stomach, intestine, testis, ovary, uterus, recturn, nervous system, eye, gland, connective tissue,
blood, tumor. The human serum albumin can thus be excreted in body fluids (eg. blood) allowing its
delivery in patient organs or said polynucleotide can be associated with targeting molecules which are
capable to point its uptake into targeted cells. Gene therapy literature provides many mechanisms for
efficient and targeted delivery and expression of genetic information within the cells of a living
organism (see for example European patent application n’98/401108.0) . Said administration may be
made by inuadennﬂ, subdermal, intravenous, intramuscular, intranaﬁal, intracerebral, intratracheal,
intraarterial, intraperitoneal, intravesical, intrapleural, intracoronary or intratumoral injection, with a
syringe or other devices. Trgnsdcrmal administration is also contemplated, as are inhalation or aerosol

routes. Intramuscular administration route is preferred.

The present invention allows repeated administrations to the patient without major risk of the
administered preparation to induce a significant immune reaction. Administration may be by single or
repeated dose, once or several times after a certain period of time. Repeated administration allows a
reduction in the dose of recombinant DNA compound administered at a single time. The route of
administration and the appropriate dose vary in function of several parameters, for example the
individual patient, the side effects of the disease, or the albumin level before treatment.

In general, the concentration of polynucleotide in the pharmaceutical compositions is from
about 0.1 pg/ml to about 20 mp/ml.

The active dose, or the amount of recombihant DNA compound which should be injected for
obtaining satisfactory serum albumin levels, is from about 1 mg to about 50 mg, preferably from about
2 mg to about 24 mg. Said active dose can be administered in a unique administration or in multiple
ones distributed into one or more days. For example, the administration cycle is composed of three
days treatment : injection of 2 to 8 mg the first day, 2 to 8 mg the second day and 2 to 8 mg the third
day. Preferably, the maximum single dose is 8 mg of DNA administered. The separate
édministrarions can Bc performed by different delivery routes (systemic delivery and targeted

delivery, or targeted deliveries for example) . In a preferred embodiment, each should be done into the

1 ¢
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same target tissue and most preferably by injection.

In a further preferred embodiment the invention pertains to a pharmaceutical preparation comprising at
least one of the complexes described above and also incorporating at least one adjuvant capable of
improving the transfection capacity of said complex or gene expression into cell and selected from the
group consisting of chloroquine, protic compounds such as propylene glycol, polyethylene. glycol,
glycerol, ethanol, 1-methyl L-2-pyrrolidone or derivatives thereof, aprotic compounds such as
dimethylsulfoxide ~ (DM50), diethylsulfoxide, di-o-propylsulfoxide, dimethylsulfone, sulfolane,
dimethyl-formamide, dimethylacetamide, tetramethylurea, acetonitrile or derivatives. The composition
may also advantageously comprise a source of a Cytokine which is incorporated in the form of a
polypeptide or as a polynucleotide encoding the cytokine. Preferably, said cytokine is interleukin 10
{(IL-b) (see European patent application, filing number 98 40 1667.5 or related foreign application).
The therapeutic composition can further comprise an nuclease inhibitor such as actine G (see
European patent application, filing number 98 40 1108.0 or related foreign application), or specific
magnesium concentraﬁon (see European patent application, filing number 98 40 2424.0 or related
foreign application)

Therefore, the invention further provides a pharmaceutical composition comprising the above
cited recombinant DNA compounds which may also comprise a pharmaceutically acceptable
injectable carrier. The carrier is preferably isotonic, hypotonic or weakly hypertonic and has a
relatively low jonic strength, such as provided by a sucrose solution. It includes any relevant solvant,
aqueous or partly aqueous liquid carrier comprising sterile, pyrogen-free water, dispersion media,
coatings, and/or equivalents. The pH of the pharmaceutical Preparation is suitably adjusted and
buffered.

In the case of in vivo treatment according to the invention, in order to improve the transfection rate,
the patient may undergo a macrophage depletion treatment prior to administration of the
pharmaceutical preparations described above, Such a technique is described in the literature (refer

particularly to Van Rooijen et al., 1997, TibTech, 15, 178-184). The patient can also be pre-treated
with prednisolone or equivalent

The invention concerns a method for treating a disoider associated with hypoalbuminaemia in
a mammalian organism comprising the step of transferring a recombinant DNA compound
into tissue or cells of said organism, wherein said recombinant DNA compound comprises an
expression cassette recited in the Present invention and such that human serum albumin is
expressed resulting in the treatment of said disorder. However, the methods described in this

invention can also be applied to the treatment of other conditions and diseases of the human

i
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and animal body in which there is a failure or relative failure of the liver to produce proteins
or sufficient quantities of the said proteins to maintain normal function o the tissues or body.
Such proteins would include coagulation factors, thrombopoietin. The methods described in
the invention would also apply to conditions or diseases of the human or animal body in
which there is a failure of the body or organs of the body to produce sufficient hormones,
enzymes, growth factors, cytokines or other substances necessary for normal function or
homeostasis. The other proteins that could be used in this invention include, but are not restricted to,
erythropoietin  for the comrection of anaemia, thrombopoietin for the correction of of
thrombocytopaenia, |.)rotein‘ C and protein F for patients requiring anticoagulation, and leptin for the
treatment of obesity. In addition, the invention can be used to produce hormones and growth factors

used by the human body at sites other than the physiological source of such bormones and growth

factors. These would include‘ but are not restricted to insulin for the treatxhent of diabetes, endothelial

nitric oxide synthetase (ENOS) for the prevention of thrombosis after coronary artery surgery or
coronary balloon dilatation or myocardial ischaemia, Granulocyte Colony Stimulating Factor (GCSF),
Macrophage Colony Stirﬁulating Factor (MCSF) or Granulocyte Macrophage Colony Stimulating
Factor (GMCSF), and/or interferon for the treatment of hepatitis or cancer,

The following examples illustrate the invention.

Example 1 , L
Case Nos 1, 2 and 3 demonstrate the rise of serum albumin in 3 patienis following the

administration of plasmid encoding albumin. Each patient received 1.5mg intra-muscular
DNA daily for 4 consecutive days.

Case 1: A middle-aged male patient with long-standing cirrhosis due to hepatitis. The patient

had marked ascites and a serum albumin level of 1.9mmol/l (normal >3.2mmol1). The

DNA/Promotor was administered once daily, at a dose level of 1.5mg, for four consecutive
days. The patient was receiving no additional therapy. Serum albumin level rose to 2.7mmol/l
within three weeks and this level was sustained for ten weeks. After sixteen weeks the serum
albumin level had fallen to 2.3mmol/1. During this period the ascites improved significantly.

Case 2: An elderly male patient with hepatocellular carcinoma resulting from hepatitis and
cirthosis. The patient was not receiving any therapy for the condition. The serum albumin pre-
treatment was 3.0mmol/l. Intra-muscular injections of DNA/Promotor were given, as in case
1. Serum albumin levels rose to 3.9mmol/l within three weeks and remained at normal levels
for three months.

Case 3: A patient with cirthosis due to hepatitis C infection. The patient was receiving
diuretics (aldactone and lasix) as treatment for ascites. Pre-treatment the patient’s serum
albumin level was 2.9mmol/l. This level rose to 3.7mmolAl after the course of treatment with
the DNA/Promotor. This was accompanied by a significant improvement in the ascites.
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CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGEATTAGCAGAGCGAGGTATGTAGGCCG

TGCTACAGAGTTCTTGAAGTGGTGGC(TAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAG':'

* @
XX ]

CCAGTTACCTTCGGAAAAAGAQTTGGT&CLTCTTGATCCCGCAAACA&ACCACCGCTGGTAGCGGTGGTTTTTTTGTTT.

GCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG ;5.

GAACGAAAACTCACGTTAAGGGATTTTGGTCATGGCTAGTTAATTAAGCTGCAATAAACAATCATTATTTTCATTGGAT= | o e

CTGTGTGTTGGTTTTTTGTGTGGGCTTGGGGGAGGGGGAGGCCAGAATGACTCCAAGAGCTACAGGAAGGCAGGTCAGA: .

[ R PR)

Pvuj U'j .
) SgfI (1122
GACCCCACTGGACAAACAGTGGCTGGACTCTGCACCATAACACACAATCAA(AGGGGAGTGAGCTGGATCGAGCTGCGA

Ascl (1190)
TCGCGGCGCGCCACTAGTTAACTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC
GCACATTTCCCCGAAAAGTGCCACCTGACGTC GACGGATCGGGAGATCCGCTATTAATCCCAGAGCCCTTGGAAGCCAG

AGGAAGATGTATCTCTGACTTTGAGGCTACCCTACTCTACAGAAAGAGTTCCAGGACAGACATTA(ACGAGAAGCCCTG

CCCCCTCTCTAAAATAAAAGTATTTTCAGAAG(ATAAAGGTCA(AGTGTAGAGAAAATGACTGCTACACGTAGTCTTAA

BsrGI (1540)
TTATAGAGGGCTCTTTTTTTTTTTTTTTTGATCTGTGGTGTACATGTCTTTACATTTTTTTCAAGATAGAAAAGCATGA

TGTCTGTGCGGTATAAATTGTTCGTTTTGAGCCTTGTGTATAA(GCTTTCCTCTCAAGATTTTATAATAGTGCTTTAAC

TGTCCCCACGGGCTAACTTCAGCACACTGTCATGGGACCTAACCTTATTAAATTACCATGTGTGAACCGCTCATAACTC

: Fspl (1766) Pvull (1807)
AAGTCGCAGCAGGTGCAAAAATGGAGCTGCGCAGGCAGAAGAGTGATCGTCATTTTTAAAATCCCCACCAGCTGGCGAA

. Sspl (1882)
GCAACAGGTGCCTAATTCCTCATCTTTTAAAAATAACTTTTCAAAAGCCTGTGCTGTATAAGCAAATATTTTCAAGTTT

GTTTTTAAACCATCTTCAAGTTACCTTTCCTCACAAAATACATTATGTGCTGATTTTTTTGTCTCAAAATGACATTTGA




- 476 AGTCTAAGCATATAAAAATTTATTTCTTTTTAGAAATGAAATTATTATTTAACTGGAGACTTAAATTGTGTCTTAACTC

' 2055 TTGCTCCTCCCCTTTTCCCCTTTTGTCCCTTCTCTCCCCACTCCCCTCCCCTTCTCTTCACATGCTCATGGCGGGCTCT

2134 TCTCTTTCCTACTCTTCTTCTTTCT(TCATCCCTCTCC(TTGTCTTGTCCTTTCACTAAACCTTTCCACATGGAAAAAA

2213 TAAATTGTATCTTAAAGCTCGGATCTCCCGATC(CCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTT

2292 AAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAA
2371 GGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCG(TGCTTCG

2450

2529

2608

2687

2766

2845

2924

3003

’ BstE)

3082 CTCTTCTGTCAA(CCCACGCCTTTGGCACAATGAAGTGGf'-'-

— 1P MetlysTrp = °

3161 GTAAC(TTTATTTCCCTTCTTTTTCT(TTTAGCTCGGCTTATTCCAGGGGTGTGTTTCGTCGAGATGCACACAAGAGTG, .o

4'VaIThrPhelIeSerLeuLeuPheLeuPheSerSerAIaTyrSerArgGIyVaIPheArgArgAspAlaHisLysSerGu:,.

3240 AGGTTGCTCATCGGTTTAAAGATTTGGGAGAAGAAAATTTCAAAGCCTTGGTGTTGATTGCCTTTGCTCAGTATCTTCA- .

' 30’|uValAlaHisArgPheLysAspLeuGlyGluGluAsnPheLysAlaLeuValLeulIeAlaPheAlaGlnTereuGI'-:s='

Pvull

3319 GCAGTGTCCATTTGAAGATCATGTAAAATTAGTGAATGAAGTAACTGAATTTGCAAAAACATGTGTAGCTGATGAGTCA
SG’nGInCysProPheGIuAspHisVaILysLeuValAsnGluValThrGIuPheAIaLysThrCysValAlaAspGIuSer
3398 GCTGAAAATTGTGACAAAT(ACTTCATACCCTTTTTGGAGACAAATTATGCACAGTTGCAACTCTTCGTGAAACCTATG
83’AlaGluAanysAspLysSerLeuHisThrLeuPheGIyAspLysLeuCysThrValAlaThrLeuArgGIuThrTyrG
3477 GTGAAATGGCTGA(TGCTGTGCAAAACAAGAACCTGAGAGAAATGAATGCTTCTTGCAACACAAAGATGACAACCCAAA
109'IyG|uMetAlaAsprsCysAlaLysGlnGluProGIuArgAsnGluCysPheLeuGlnHisLysAspAspAsnProAs
3556 CCTCCCC(GATTGGTGAGACCAGAGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAGACATTTTTGAAAAAA
135’nLeuProArgLeuVaIArgProGIuVaIASpVaIMetCysThrAlaPheHisAspAsnGluGIuThrPheLeuLysLys
3635 TACTTATATGAAATTGCCAGAAGACATCCTTACTTTTATGCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCTG
IGZ’TereuTyrGlulleAIaArgArgHisProTerheTyrAIaProGluLeuLeuPhePheAIaLysArgTerysAlaA
3714 (TTTTACAGAATGTTGCCAAGCTGCTGATAAAGCTGCCTGCCTGTTGCCAAAGCTCGATGAACTTCGGGATGAAGGGAA
188’laPheThrGluCysCysGlnAlaAIaAspLysA|aAlaCysLeuLeuProLysLeuAspGluLeuArgAspGluGlyLy
3793 GGCTTCGTCTGCCAAACAGAGACTCAAATGTGCCAGTCTCCAAAAATTTGGAGAAAGAGCTTTCAAAGCATGGGCAGTG
214’sAlaSerSerAlaLysGlnArgLeuLysCysAlaSerLeuGInLysPheGIyGIuArgAIaPheLysAlaTrpAlaVal
3872 GCTCGCCTGAGCCAGAGATTTCCCAAAG(TGAGTTTGCAGAAGTTTCCAAGTTAGTGA(AGATCTTACCAAAGTCCACA
241'A|aArgLeuSerGlnArgPheProLysAIaGluPheAlaGIuValSerLysLeuValThrAspLeuThrLysValHisT
3951 CGGAATGCTGCCATGGAGATCTGCTTGAATGTGCTGATCA(AGGGCGGACCTTGCCAAGTATATCTGTGAAAATCAGGA
267’hrGIuCysCysHisGIyAspLeuLeuGluCysAIaAspAspArgAlaAspLeuA|aLysTyrIleCysG|uAsnGlnAs
4030 TTCGATCT(CAGTAAACTGAAGGAATGCTGTGAAAAACCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGTGGAAAAT
293'pSerlIeSerSerLysLeuLysGluCysCysGIuLysProLeuLeuGIuLysSerHisCyslleAlaGIuValGluAsn
4109 GATGAGATGCCTGCTGACTTGCCTTCATTAGCTGCTGATTTTGTTGAAAGTAAGGATGTTTGCAAAAACTATGCTGAGG
320'AspGluMetProAlaAspLeuProSerLeuAIaAlaAspPheValGluSerLysAspValCysLysAsnTyrAIaGIuA
4188 (AAAGGATGTCTTCCTGGG(ATGTTTTTGTATGAATATGCAAGAAGGCATCCTGATTACTCTGTCGTGCTGCTGCTGAG
346’IaLysAspValPheLeuGlyMetPheLeuTyrGluTyrAIaArgArgHisProAspTyrSerValValLeuLeuLeuAr



<67 ACTTGCCAAGACATATGAAACCACTCTAGAGAAGTGCTGTGCCGCTGCAGATCCTCATGAATGCTATGCCAAAGTGTTC
b 372¥ gLeuAlaLysThr Tyr Gl uThr Thr LeuGlulysCysCysAlaAl aAl aAspPr oHi sGl uCysTyrAl aLysVal Phe
4346 GATGAATTTAAACCTCTTGTGGAAGAGCCTCAGAATTTAATCAAACAAAACTGTGAGCTTTTTAAGCAGCTTGGAGAGT
399 AspGl uPheLysProleuVal GluGl uPr oGl nAsnLeul I eLysGl nAsnCysGl uleuPheLysGl nLeuGl yGl uT
4425 ACAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAAAGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTCTC
425% yrLysPheGI nAsnAlaleulLeuValArgTyr ThrLysLysVaiProGlnVal Ser Thr ProThr LeuVal GluVal Se .
4504 AAGAAACCTAGGAAAAGTGGGCAGCAAATGTTGTAAACATCCTGAAGCAAAAAGAATGCCCTGTGCAGAAGACTATCTA
451’rArgAsnLeuGlyLysValGIySerLysCysCysLysHisProGIuAlaLysArgMetProCysAlaGIuAspTereu
: Tth1111 (4634)
4583 TCCGTGGTCCTGAACCAGTTATGTGTGTTGCATGAGAAAACGCCAGTAAGTGACAGAGTCACAAAATGCTGCACAGAGT
478’SerValVaILeuAsnGlnLeuCysValLeuHisGluLysThrProVblSerAspArgValThrLysCysCysThrGluS
4662 CCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAAGTCGATGAAACATACGTTCCCAAAGAGTTTAATGCTGAAAC
504PerLeuValAsnArgArgProCysPheSerAlaLeuGluValAspGluThrTeralProLysGluPheAsnAlaGluTh
4741 ATTCACCTTCCATGCAGATATATGCACACTTTCTGAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGCTT
530’rPheThrPheHisAlaAsplIprsThrLeuSerGluLysGIuArgGInIleLysLysGlnThrAIaLequlGluLeu
4820 GTGAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGCTGTTATGGATGATTTCGCAGCTTTTGTAGAGAAGTGCT
SS?’V%ILysHisLysProLysAlaThrLysGluGlnLeuLysAlaValMetAspAspPheAIaAIaPheVaIGIuLysCysC
Bsulél (4968)
4899 GCAAGGCTGACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTGTTGCTGCAAGTCAAGCTGCCTTAGGCTT
SSB’ysLysAIaAspAspLysGIuThrCysPheAlaGluGluGIyLysLysLeuValAIaAlaSerGInAIaAlaLeuGlyLe
4978 ATAACATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAAAAGCTTATTCATCTG
609% u

5057 TTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCT'E

5136
5215
5294

5373

5452
5531
5610

5689

5768

5847

5926

6005

Pvull (5168) . S ean
GTGCTTCAATTAATAAAAAAAAAAAAAAAAACCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAT?..':
BamHI (5216)
GGGATCCTCTAGATTGAGTCGACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATT 0ty

TTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGT;",';

CTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCCTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGAC.

: BbrP) (5,
AAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACE®, 3 e

TGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTCGAAAGAGTCAAATGG

CTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTC

GGTGCA(ATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCT

Kas] (5818)
TTGAAAAACACGATAATACCATGthaagtgatatctactagttgtgaccggcgcctagtgttgacaattaatcatcgg

catagtatatcggcatagtataotacgactcactotaggagggccaccatgtcgaEtactaaccttcttctctttccta

BsiW] (60
cagCTTCGTACCCCGGCCATCAACACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCGCGGCCATAGCAACCGACGTAC

'-——1’SerTerroGlyHisGlnHisAlaSerAIaPheAspGInAlaAlaArgSerArgGlyHisSerAsnArgArgTh

GGCGTTGCGCCCTCGCCGGCAGCAAGAAGCCACGGAAGTCCGCCCGGAGCAGAAAATGCCCACGCTACTGCGGGTTTAT

25’rAIaLeuArgProArgArgGInGlnGluAIaThrGluVaIArgProGIuGInLysMetProThrLeuLeuArgVaITyr

6084

6163

78>

6242

104>

Xceml (6118)
ATAGACGGTCCCCACGGGATGGGGAAAACCACCACCACGCAACTGCTGGTGGCCCTGGGTTCGCGCGACGATATCGTCT

SZ’|IeAspGlyProHisGlyMetGlyLysThrThrThrThrGlnLeuLeuValAlaLeuGlySerArgAspAsplIeValT

ACGTAC(CGAGCCGATGACTTACTGGCGGGTGCTGGGGGCTTC(GAGACAATCGCGAACATCTACACCACACAACACCG
eraIProGluProMetThrTerrpArgVaILeuGlyAlaSerG!uThrIIeAIaAsnlleTerhrThrGInHisAr

Sphl (6310)
CCTCRACCAGEGTGAGATATCGOGLCGGEOACCCGETGGTGOTAATCACAAGCCOCLAGATAACAATGGGCATGCCTTAT

gLeuAspGlnGIyGlulIeSerAlaGIyAspAlaAIaVaIValMetThrSerAlaGlnlIeThrMetGlyMetProTyr



P

N
Y
.

M
221 GCCGTGACCGACGC(GTTCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCA(ATGC'CCCGCCCCCG.GC'CCTCAC.CC
131'AIaVaIThrAspAlthlLeuAlaProHislIeGIyGIyG|uAIaGIySerSerHisA|aProProProAIaLeuThrL
6400 TCATCTTCGACCGCCATCCCATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGGTACCTTATGGGCAGCATGACCCCCCA
157>eulIePheAspArgHisPro|IeAIaAlaLeuLeuCysTerroAlaAIaArgTereuMetGIySerMetThrProGl
BspEl (6548)
6479 GGCCGTGCTGGCGTTCGTGGCCCTCATCCCGCCGACCTTGCCCGGCACCAACATCGTGCTTGGGGCCCTTCEGG:GGA()
183’nAIaVaILeuAIaPheVbIAIaLeulleProProThrLeuProGIyThrAsnlIeValLeuGlyAlaLeuProGIuAsp
6558 AGACACATCGACCGCCTGGCCAAACGCCAGCGCCCCGGCGAGCGGCTGGACCTGGCTATGCTGGCTGCGATTCGCCGCG
210)ArgHisIIeAspArgLeuAlaLysArgGInArgProGIyGIuArgLeuAspLeuAIaMetLeuAlaAIaIIeArgArgV
6637 TTTACGGGCTACTTGCCAATACGGTGCGGTATCTGCAGTGCGGCGGGTCGTGGCGGGAGGACTGGGGACAGCTTTCGGG
236'aITyrGIyLeuLeuAlaAsnTherIArgTereuGlnCysG|yGIySerTrpArgGIuAspTrpGIyGInLeuSerGl
6716 GACGGCCGTGCCGCCCCAGGGTGCCGAGCCCCAGAGCAACGCGGGCCCACGACCCCATATCGGGGACACGTTATTTACC
262)yThrAIaVaIProProGlnGlyAlaGluP(oGInSerAsnAIaGIyProArgProHisI|eGlyAspThrLeuPheThr
6795 CTGTTTCGGGCCCCCGAGTTGCTGGCCCCCAACGGCGACCTGTATAACGTGTTTGCCTGGGCCTTGGACGTCTTGGCCA
289’LeuPheArgAlaProGIuLeuLeuAlaProAsnGIyAspLeuTyrAanalPheAIaTrpAlaLeuAspValLeuAlaL
6874 AACGCCTCCGTTCCATGCACGTCTTTATCCTGGATTACGACCAAT(GCCCGCCGGCTGCCGGGACGCCCTGCTGCAACT
315’ysArgLeuArgSerMetHisValPhelleLeuAspTyrAspGInSerProAlaGlyCysArgASpAIaLeuLeuGInLe
PshAI (6971) :
6953 TA(CTCCGGGATGGTCCAGACCCACGTCACCACCCCCGGCTCCATACCGACGATATGCGACCTGGCGCGCACGTTTGCC
341'uThrSerGlyMetValGlnThrHisValThrThrProGlySerIleProThrIIeCysAspLeuAIaArgThrPheAla
7032 CGTGAGATGATCAGCGGAGCTAATGGCGTCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCG
368'ArgGluMetlleSerGIyAlaAsnGlyVaIMetAIaLysLeuThrSerAIaValProValLeuThrAIaArgAspVaIA .
Smal (7150) SgrAl (7175) .
7111 CCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCG
394’laGIyAlaValGIuPheTrpThrAspArgLeuGlyPheSerArgAspPheValGIuAspAspPheAlaGlyValV%lAr
7190 GGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGC
429’9AspAspV%lThrLeuPhelIeSerAlaVaIGInAspGlnValVaIProAsbAsnThrLeuAlaTrpValTrpVbIArg ose
7269 GGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTC(GGGACGCCT((GGGCCGGCCATGA(CG °

447’G|yLeuAspGluLeuTyrAlaGluTrpSerGIuValVaISerThrAsnPheArgAspAlaSerGlyProAlaMetThrG '::°:-

7348 AGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAAQTGCGTGCACTTCGTGGCCGAGGA
473’IulIeG|yGIuGlnProTrpGlyArgGluPheAlaLeuArgAspProAlaGlyAanysValHisPheValAlaGluGl 2 ..

Rsrll (7457) Sandl (7476) vess’

7427 GCAGGACTGACCGACGCCGACCAACACCGCCGGTCCGACGGCGGCCCACGGGTCCCAG

. .a
L

499» uGlnAspeee °23s°
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EXHIBITS
SEQ ID NQ:1 Sequence of plasmid showing the construct coﬁtaim'ng the reporter gene plus the
required enhancer sequence, promoter sequence and associated sequences to allow the
plasmid to function'according to this invention.

Figure 1. Diagramatic construct of plasmid as defined in SEQID NQ:1

Figure 2: Mean changes in serum albumin levels in patients treated with either myosin
albumin plasmid vector or CMV albumin plasmid,

Figure 3: Sequential changes in serum albumin levels with time In patients treated with
albumin plasmid.

Figure 4: Sequential changes in serum albumin levels with time in patient 3 given two
injections at day one and after 27 weeks. '
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CLAIMS

An expression cassette for expressing a human serum albumin into 2 mammalian cell
comprising;

(i) acDNA sequence of the human serum albumin,

(ii) a transcriptional control sequence operably linked to said cDNA sequence. -

Expression cassette of claim 1 wherein said ¢cDNA sequence of the buman serum

albumin has the nucleotide sequence set forth in SEQ ID NO1

' Expression cassette of claim 1 wherein said cDNA sequence of the human serum

albummin is the nucleic acid sequence of about 2.0kb in length obtained by enzymatic
digestion by Kpnl and Sall of the plasmid pILMALBS having the deposit accession
number HSRRB HG226

Expression cassette of claims 1-3 wherein said transcriptional control sequence

comprises a promoter element selected from a viral promoter.

Expression cassette of claim 4 wherein said viral promoter is selected from SV40 early
and late promoters, the adenovirus major late promoter, the Rous Sarcoma Virus
(RSV) promoter, the Cytomegalovirus .(CM'V) immediate-early promoter and the
Maj orintermediate-early (MIE) promoter.

Expression cassette of claims 4-6 wherein said transcriptional control sequence

further comprises at least one enhancer element.

Expression cassette of claim 7 wherein said enhancer element is 2 myosin light chain
enhancer.

Expression cassette of claim 8 wherein said myosin light chain enbancer is a myosin
light chain 1/3 enhancer.

Expression cassette of claim 9 wherein said exvxhancerbh.as the nucleotide sequence set
forth in SEQ ID NO:1

Expression cassette of claims 7-10 wherein said transcriptional control sequence

comprises at the most three enhancer sequences the sequence of which is identical or

+ B



12.

13.

14.

15

16 .

17 -

18.

19.

20.

21.

17

.selected independently of one another.

Expression cassette of claims 7-11 wherein said enhancer sequence is located upstream
of said cDNA sequence of the human serum albumin,

Expression cassette of claim 1 having the seqhence set forth in SEQ ID NO:] which
codes for said myosin light chain 1/3 enhancer, said CMV promoter and said cDNA
sequence of the human serum albumin.

Expression cassette of claim 1 further comprising a polynucleotide sequence of
interest encoding at least one polypeptide of interest distinct from human serum
albumin, said polypeptide of interest being co-expressed with human serum albumin in
said mammalian cell.

Expression cassette of claim 14 wherein said polynucleotide sequence of interest
is operably linked to the transcriptional control of said cDNA sequence and

comprises at least one ribosome binding site that facilitates translation of messages

of any of said polynucleotide seoruence of interest.

A recombinant DNA compound comprising at least one of the expression cassette
of claims 1-15.

A compound of claim 16 which comprises at least one nucleotide sequence
containing or expressing a selectable marker useful for selecting a cell in which

said compound has been introduced. V

A compound of claim 17 wherein said nucleotide Sequence containing or expressing a

selectable marker is an antibiotic Tesistance gene or an hybrid gene thereof,

A compound of claim 18 wherein said antibiotic is bleomicin or said bhybnd is
bleomicin:thymidine kinase

A compound Qf claims 15-18 wherein said recombinant DNA compound is a vector

selected from the group consisting in plasmid vector, viral vector or synthetic vector.

A host cell transformed with a compound of claims 15-20.
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23.

24 .

25.

26 .

27

28.

29.

3l

%

A pharmmaceutical composition comprising the compound of claims 15-20.

Use of a ¢cDNA sequence of the human serum albumin for the preparation of a

pharmaceutical composition intended for gene transfer.

Use of an expression cassette of claims 1-14 or of a recombinant DNA compound
of claims 15-20 for the preparation of a pharmaceutical composition intended for
gene transfer.

The use of claims 23-25, wherein said gene transfer is gene therapy for the treatrnent of

the human or animal body.

The use of claims 23-25, wherein said pharmaceutical composition is designed to be -

administered in a form which can be injected by the intramuscular route.

A method for treating a disorder associated with hypoalbuminemia in a mammalian
organism comprising the step of transferring a vector into tissue or cells of said
organism, wherein said vector comprises an expression cassette of claims 1-14 such that

human serum albumin is expressed resulting in the treatment of said disorder.

Method of claim 27, wherein said disorder is selected in the group consisting of but not
restricted to cirrhosis, liver failure, primary and secondary liver cancers, bacterial or viral

infections, ttauma.

Method of treating a human or animal subject, which subject is suffenng from a
failure or malfunctioning of the liver to produce protein(s) resulting in conditions
such as but not limited to hypoalbuminaemia, anaemia, thxombocytopenia and
coagulation disorders, which comprises administering to the skeletal muscle of said
subject an effective amount of a construct or vector according to the preceding
claims encoding said functional protein such as albumin, erythropoietin,
thrombopoietin and coagulation factors II,VILIX and XI . In so doing the host

muscle becomes an extra-hepatic source of prod\iction of said protein(s).

~ A construct according to claim29 which furtber comprises an enhancer element.

A construct according to any one of the preceding claims wherein the functional

protein is erythropoietin.

+ B
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33.

34.
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38.

/9

A construct according to any one of the preceding claims wherein the functional

protein is thrombopoijetin.

A construct according to any of the preceding claims where the gene encoding
for endorphins, insulin, antisense gene for angiotensin, fibroblast growth factor
(FGF), vascular endothelial growth factor (VEGF), angiostatin, endostatin, or
thrombospondin is included.

A construct according to any of the preceding claims where the plasmid is

+encoded for interferon, or the gene encoding the envelope protein or core protein

of viruses such as, but not exclusively, hepatitis B & C or HIV.

A construct according to any of the preceding claims_ where the plasmid is
encoding specific tumour associated antigens including, but not exclusively,
carcinoembryonic antigen (CEA), CA125, CA19.9 or prostate specific antigen
(PSA).

A construct according to any of the preceding claims where the plasmid is
encoding amino acid Séquences or proteins produced or related to the low
density lipoprotein (LDL), very low density lipoprotein (VLDL) or high density
lipoprotein (HDL) receptors,

A construct according to any of the preceding claims where the plasmid is
encoding the gene for Endothelial Nitric Oxide Synthetase (ENOS), or
Granulocyte Colony Stimulating Factor (GCSF), Macrophage Colony

Stimulating Factor (MCSF) or Granulocyte Macrophage Colony Stimulating
Factor (GMCSF).

A construct according to any of the preceding claims for use in a method of
treatment of the human or animal body.
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